
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number 



0 256 489 

A1 



© EUROPEAN PATENT APPLICATION 

© Application number: 87111595^ © | n t CI. 4 : C08J 9/22 , B29C 67/22 

<§) Date of filing: 1 1.0&87 



© Priority: 1 2.08^6 JP 188811/86 


© Applicant KANEGAFUCHI KAGAKU KO<aYO 


(43) Datfi of m ihlir^ti nn nf flnrtlir>oiinn> 


KABUSHIKI KAJSHA 


2-4 Nakanoshlma 3-chome 


24.02.88 Bulletin 88/08 


Klta-ku Osaka-shi Osaka-fu(JP) 


© Designated Contracting States: 


© Inventor Ichlmura, Tadayukl 4-123, Roreru 


BE CH DE FR GB IT U NL SE 


Haitsu 




370-5, Kuchiri Onoe-cho 




Kakogawa-shi Hyogo-ken(JP) 




Inventor Senda, Kenichi 




1-12, Korigaoka 6-chome 




Hirakata-shi Osaka-fu(JP) 




Inventor: Ando, Masao 




54-1-1305, Mukaioka 1-chome 




Toyonaka-shl Osaka-fu(JP) 




© Representative: Turk, Gllle, Hrabal 




Bruckner Strasse 20 




D-4000 Dusseldorf 13(DE) 



© Process for preparing pre-expanded particles of thermoplastic resin. 



© A process for preparing pre-expanded particles 
of a thermoplastic resin, which comprises heating an 
aqueous dispersion thermoplastic resin particles 
containing a volatile blowing agent to a high tem- 
perature under pressure in a pressure vessel, and 
releasing the dispersion into an atmosphere main- 
tained at a lower pressure than the pressure in the 
pressure vessel and at a temperature of not lower 
than 40°C. According to the process of the present 

^ invention, there can be obtained pre-expanded ther- 
moplastic resin particles with a large average diam- 

Weter of cells. By molding the pre-expanded particles 
obtained by the present invention, molded articles 
which are small in the dimensional shrinkage and 

CO excellent in the surface appearance can be obtained 
without imparting the expandability to the particles or 
aging the particles under pressure prior to molding. 
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PROCESS FOR PREPARING PRE-EXPANDED PARTICLES OF THERMOPLASTIC RESIN 



The present invention relates to a process for 
preparing pre-expanded particles of a thermoplastic 
resin. More particularly, the Invention relates to a 
process for preparing pre-expanded thermoplastic 
resin particles which are applicable, without further 
imparting expandability to the pre-expanded par- 
ticles prior to molding, to a process for producing 
foams by heating pre-expanded particles with a 
heating medium such as steam in a moid which is 
able to be closed but unable to be sealed, in other 
words, in a moid which is able to be closed but is 
permeable to a fluid heating medium. 

As a process for pre-expanding particles of a 
thermoplastic resin, there are, for example, a pro- 
cess disclosed in DE-OS 2,107,683 and a process 
disclosed in Japanese Examined Patent Publication 
No. 56-1344, and the like. According to the pro- 
cesses, pre-expanded particles, of a thermoplastic 
resin are obtained and they can be used for mold- 
ing in a moid. 

The cell diameter of the.prerexpanded thermo- 
plastic resin particles obtained by means of these 
processes is, however, usually 200 urn or less, and 
It is difficult to control ; the. cell diameter of the 
particles. Japanese Unexamined. Patent Publication 
No. 58-199125 discloses decreasing the diameter of 
cells of pre^expande^ ^particles .by using an in- 
organic fine powder such as talc or silica, but no 
technique for increasing the diameter of cells has 
been known. 

In case that the cell diameter of pre-expanded 
particles are too small, it is necessary, prior to 
molding the pre-expanded particles, to further im- 
part the expandability to the pre-expanded particles 
(Japanese Unexamined Patent Publication No. 59- 
187086) or to conduct aging the particles under 
pressure (Japanese Examined Patent Publication 
No. 6CH00I7). Conducting such operations makes 
the process complicated and causes economic dis- 
advantage. Further, even though the above oper- 
ations are conducted, there remains a problem that 
a range of allowable molding condition is still very 
narrow. 

An object of the present invention is to provide 
a process for preparing pre-expanded particles of a 
thermoplastic resin, by which pre-expanded par- 
ticles having a large cell diameter can be obtained. 

This and other objects of the present invention 
will become apparent from the description 
hereinafter. 

As a result of continuous studies of the present 
inventors, it has been found that the eel! diameter 
of the pre-expanded particles of thermoplastic resin 
can be made large by, upon releasing an aqueous 
dispersion containing thermoplastic resin particles 



and a blowing agent maintained at a high tempera- 
ture under high pressure in a pressure vessel into 
a lower pressure atmosphere than the pressure in 
the vessel to pre-expand the thermoplastic resin 
s particles, releasing the dispersion into the low pres- 
sure atmosphere at a temperature of not lower than 
40°C. 

. In accordance with the present invention, there 
is provided a process for preparing pre-expanded 

10 particles of a thermoplastic resin, which comprises 
heating an aqueous dispersion of thermoplastic 
resin particles containing a volatile blowing agent to 
a high temperature under pressure in a pressure 
vessel, and releasing the dispersion into an at- 

75 mosphere maintained at a lower pressure than the 
pressure in the pressure vessel and at a tempera- 
ture of not lower than 40°C. 

According to the process of the present inven- 
tion, there can be obtained pre-expanded particles 

20 with an average diameter of cells of not less than 
200 urn. By molding the pre-expanded particles 
obtained by the process of the present invention in 
a mold, molded articles which are small in shrink- 
age and excellent in surface appearance can be 

25 obtained without imparting the expandability to the 
pre-expanded particles or aging the particles under 
pressure prior to molding. 

Fig. I is an illustrative view showing an embodi- 
ment of preparation of the pre-expanded particles 

30 of the present invention. 

Examples of the thermoplastic resin used in 
the invention are, for instance, styrene polymers 
such as polystyrene, poly-cr-methylstyrene, a 
copolymer of styrene and maleic anhydride, a 

35 blend of polyphenyleneoxide and polystyrene, a 
graft-copolymer of polyphenyleneoxide and poly- 
styrene, a copolymer of acrylonitrile and styrene, a 
terpolymer of jacrylonitrile, butadiene and styrene, a 
copolymer of styrene, . and butadiene, and a high 

40 impact polystyrene; . vinyl chloride polymers such 
as polyvinyl .chloride, a copolymer of vinyl chloride 
and vinyl acetate, a chlorinated polyvinyl chloride, 
and a copolymer, of an olefin such as ethylene or 
propylene and vinyl chloride; polyamides, polyester 

45 resins* polyolefin resins, and the like. 

When using the polyolefin resins, which have a 
"high gas permeability and a glass transition tem- 
perature equal to or lower than room temperature 
and the molded articles therefrom obtained by 

so molding in a mold tend to shrink and deform, the 
present invention is useful. 

Examples of the polyolefin resins are, for in- 
stance, polypropylene resins such as a random 
copolymer of ethylene and propylene, a random 
terpolymer of ethylene, propylene and butene, a 



BNSDOCID: <EP_. 



02S6489A1J_> 



3 



0 256 489 



4 



block copolymer of ethylene and propylene and 
homopolypropylene, polyethylene resins such as a 
low density polyethylene, a medium density poly- 
ethylene, a high density polyethylene, a linear low 
density polyethylene, a copolymer of ethylene and 
viny! acetate, a copolymer of ethylene and methyl 
methacrylate, an ionomer resin such as an ionomer 
resin which is an emylene-methacrylic acid 
copolymer intermoieculariy crosslinked with a met- 
al ion; other polyolefin resins such as pory-l-butene, 
polypentene, a terpolymer of ethylene, acrylic add 
and maleic anhydride; and the like. The polyolefin 
resins may be used in the state of not only non- 
crosslinked resin but also crosslinked resin pre- 
pared by using peroxide or radiation. 

The thermoplastic resins may be used alone or 
as an admixture thereof. 

The non-crosslinked linear low density polyeth- 
ylene (non-crosslinked LLDPE) used in the present 
invention is a copolymer of ethylene and a C4 to 
C10 o-olefin having a melting point of II5° to I30°C, 
a density of 0.9I5 to 0.940 g/cm 3 and a melt index 
(Ml) of O.I to 5 g/IO min. LLDPE and a process for 
the preparation thereof are known in the field of 
synthetic resins. 

Examples of the o-olefin having 4 to 10 carbon 
atoms used as a comonomer are, for instance, 
butene; l-pentene. l-hexene, 3,3-dimethyM-butene, 
4-methyM-pentene, 4,4-dimemyH-pentene, l-oc- 
tene, and the like. The orolefins may be used alone 
or as an admixture thereof. The content of the o- 
olefin comonomer in the copolymer which ensures 
the density of the copolymer being within the 
above range, is usually from about 3 to about 12 % 
by weight. 

When the melting point of the copolymer is 
less than II5°C, the obtained foams are insufficient 
in heat resistance. When the melting point is more 
than I30°C, the properties of LLDPE are close to 
those of a high density polyethylene and con- 
sequently the molding is difficult. 

The copolymer having a density of less than 
0.9I5 g/cm 3 is hard to provide moldings having a 
high expansion ratio because of lack in rigidity of 
the resin. When the density of the copolymer is 
more than 0.940 g/cm 3 , the impact resistance is 
bad, so the obtained foams become fragile, and 
also the copolymer approaches a high density 
polyethylene and is molded with difficulty. 

When the melt index of the copolymer is less 
than O.I g/IO min., the copolymer is 'poor in fluidity 
in pre-expansion and accordingly it is difficult to 
achieve a high expansion ratio, and also the 
smoothness of the surface of moldings is lowered. 
On the other hand, when the melt index is more 
than 5 g/10 min., the fluidity becomes too large, so 
open cells are easy to be formed and also the 
diameter of cells is easy to become nonuniform. 



The melting point of the copolymer as shown 
herein is a value measured by using a differential 
scanning calorimeter (DSC) anc indicates a peak 
temperature in the endothermic curve obtained by 

5 raising the temperature of a polymer to 200 °C at a 
rate of IO°C/minute, cooling it to room temperature 
at a rate of IO°C/minute to crystallize, and then 
heating it again at a rate of IO°C/minute. The den- 
sity of the copolymer as shown herein is a value 

10 measured according to Japanese Industrial Stan- 
dard (JIS) K 6760 (method D in JIS K 7112). The 
melt index as shown herein is a value measured 
according to JIS K 6760 (JIS K 7210, I90°C, 2.16kg 
load). 

is The thermoplastic resins used in the present 
invention may contain additives such as heat stabi- 
lizer, ultraviolet absorber, antistatic agent, flame 
retarder, coloring agent, inorganic powder and oth- 
er usual additives, as occasion demands. 

20 Hydrocarbons and halogenated hydrocarbons 
having a boiling point of -50° to I20°C are used in 
the present invention as volatile blowing agents. 
Examples of the hydrocarbon and haiogenated hy- 
drocarbon blowing agents are, for instance, pro- 

25 pane, butane, pentane, hexane, heptane, cyclopen- 
tane. cyclohexane, mbnochloromethane, dich- 
loromethane, monochlorpethane, trich- 
loromonofluoromethane, dichiorodjfluoromethane, 
dichloromonofluoromethane, trichlorbtrifiuoroethane, 

30 dichlorotetrafluoroethane, and the like. The blowing 
agents may be used alone or as an admixture 
thereof. The blowing agents are incorporated into 
the thermoplastic resin in an amount of 5 to 40 
parts by weight per I00 parts by weight of the 

35 thermoplastic resin. The amount of the volatile 
blowing agent used is decided so that the content 
of the blowing agent in the resin fails within the 
above range, with giving consideration to the kind 
of the blowing agent, desired expansion ratio, ratio 

40 of the volume of particles to the volume of space in 
a pressure vessel, etc. in the preparation of the 
pre-expanded particles wherein the polymer par- 
ticles and the blowing agent are dispersed in water 
in the presence of a dispersing agent in a pressure 

45 vessel, maintained under high temperature and 
pressure conditions and released into a low pres- 
sure atmosphere. 

The dispersing agent is used for preventing the 
resin particles from agglomerating each other. Ex- 

50 amples of the dispersing agent are, for instance, a 
water-soluble polymer such as polyvinyl alcohol, 
methyl cellulose or poly-N-vinyl pyrrolidone, and a 
powder of a water-insoluble or slightly water-solu- 
ble inorganic material such as calcium phosphate, 

55 magnesium pyrophosphate, zinc carbonate, 
titanium dioxide or aluminum oxide. In case of 
using the inorganic powder, ft is preferable to use a 
slight amount of a surface active agent as a dis- 
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persing assistant, e.g. anionic surface active agent 
such as sodium aikylbenzenesulfonate, sodium a- 
olefinsuifonate or sodium alkylsutfonate, in order to 
decrease the amount of the inorganic powder so 
that the pre-expanded particles are well fused to- 
gether on heating for molding. Usually, the 
amounts of the inorganic powder and the anionic 
surface active agent are from 0.1 to 3 parts by 
weight and 0.001 to QJ5 part by weight respectively, 
per 100 parts by weight of the thermoplastic resin 
particles. The water-soluble polymer is employed 
usually in an amount of 0.1 to 5 parts by weight per 
100 parts by weight of the thermoplastic resin par- 
ticles. 

The amount of the thermoplastic resin particles 
to be dispersed in water is preferably from 10 to 100 
parts by weight per .100 parts by weight of water 
from the viewpoint of good, productivity, good dis- 
persion stability and utility cost reduction. 

The" heating temperature in pre-expansion var- 
ies depending on the. kinds of thermoplastic resin 
and volatile blowing agent and the desired expan- 
sion ratio, and .is within the range of -25° to +10°C, 
preferably s -20" to +5°C I of the glass transition 
temperature of /'me^opj^ic.^esin or, in case of 
crystajine polymers, the melting point of thermo- 
plastic resinl' For example, iif the polyethylene hav- 
ing the melting point .of 120 ° C is used, the heating 
temperature for the aqueous dispersion of the ther- 
moplastic resin particles in the pressure vessel is 
selected from 95° to 130° C. When the heating 
temperature is lower than the above range, the 
expansion ratio is ... remarkably., lowered, and when 
the heating temperature is higher than the above 
range, the number of clpsed cells in the resulting 
pre^xparidecJ particle is decreased. 

The volatile blovying agent can be impregnated 
in the thermoplastic resin particles in a usual man- 
ner, for example, by agitating the dispersion in the 
pressure vessel within the above temperature 
range, thereby bringing the polymer particles into 
contact with the blowing agent At that time, the 
pressure in the vessel js maintained at a pressure 
equal to or higher than the vapor pressure that the 
volatile blowing agent indicates at the heating tem- 
perature. % 

thus obtained mixture of the thermoplastic res- 
in particles containing the blowing agent and water 
is released into a low pressure atmosphere that a 
pressure is tower than that in the pressure vessel 
and a temperature is equal to or higher than 40°C, 
to give pre-expanded particles having a large cell 
diameter. Heating the low pressure atmosphere to 
a temperature equal to or higher than 40°C can be 
achieved, for instance, by spraying or injecting a 
hot water of 40° to 90°C from a plurality of nozzles 
having small holes, or by introducing steam into 
the low pressure atmosphere. In order to obtain the 



pre-expanded particles having a larger cell diam- 
eter, steam having higher temperature than a hot 
water is used, since the temperature of the low 
pressure atmosphere is raised up to 90° C by using 

s a hot water. In such a case, it is necessary to wash 
the pre-expanded particles with a hot water after 
coming into contact with steam to remove a dis- 
persing agent adhered to the particles. Accord- 
ingly, it is preferable to combine the above-stated 

io two methods. That is, the mixture is brought into 
contact with an atmosphere in which steam is intro- 
duced and then brought into contact with an at- 
mosphere in which a hot water of 40° to 90°C is 
sprayed or injected from a plurality of nozzles 

75 having small holes to wash the pre-expanded par- 
ticles as well as to form the particles having a large 
cell diameter. 

Referring to Fig. I which shows one embodi- 
ment of the preparation of pre-expanded particles, 

20 thermoplastic resin particles are dispersed in water 
in a pressure vessel, and a blowing agent is intro- 
duced into the .vessel with agitation. The tempera- 
ture is elevated, and the resulting dispersion I is 
agitated for a prescribed period of time under high 

25 temperature and pressure conditions fo incorporate 
the blowing agent into the particles. The aqueous 
dispersion I is then released through an orifice 3 
into a chamber 7 which is maintained at a pressure 
lower than that jn the pressure vessel and in which 

30 a plurality of spray nozzles 6 are arranged in a 
zone in the neighborhood of .the orifice and at a 
level higher than the orifice. A hot water or steam 
Jed through line 4 and a hot water fed through line 
5 are sprayed to the released particles 8 which are 

35 being expanded in the chamber to produce pre- 
expanded particles of the thermoplastic resin. 

The term "a pressure lower than the pressure 
in the pressure vessel" used in the present speci- 
fication means a pressure which is lower than a 

40 pressure in a pressure vessel equal to or higher 
than a vapor pressure that the volatile blowing 
agent indicates at the heating temperature. Usually, 
a pressure around atmospheric pressure is em- 
ployed. The term "atmosphere" used in the 

45 present specification means a space including loci 
of the mixture of the particles and water scattered. 

When the : temperature of the low pressure at- 
mosphere is lower than 40°C, it is hard to obtain 
the pre-expanded particles having a large diameter 

so of cells. On the other hand, when the temperature 
of the low pressure atmosphere is so high as 
around the glass trasition temperature of the ther- 
moplastic resin or, in case of crystallyne polymers, 
the melting point of the thermoplastic resin, the 

55 cells of the pre-expanded particles are broken or 
the particles are shrinked. Therefore, the preferable 
range of the temperature of the low pressure at- 
mosphere is from 40° to 120°C. 
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The reason why pre-expanded particles having 
a large average diameter of cells can be obtained 
in the low pressure atmosphere of a temperature 
equal to or higher than 40°C is considered that in 
such an atmosphere of the temperature equal to or 
higher than 40°C, the resin particles are not sud- 
denly cooled, and therefore the expansion ratio of 
the pre-expanded particles can be increased. Con- 
sequently, the amount of the blowing agent re- 
quired for obtaining the particles with a desired 
expansion ratio can be decreased. 

It is considered that by making the average ceil 
diameter large as mentioned above, membranes 
surrounding the gas cells become thick and the 
release of the gas in the cells during heating for 
molding is decreased, thus shrinkage of moldings 
owing to reduction of pressure in the cells can be 
prevented. 

The expansion ratio of the thermoplastic resin 
pre-expanded particles of the invention varies de- 
pending on purposes, density of the thermoplastic 
resin used, and the like. When using polyethylene, 
preferably it be from 10 to 40; For example, when 
moldings suitable as cushioning packaging materi- 
als are desired, preferable expansion ratio of the 
pre-expanded particles of polyethylene is from 10 to 
30. In that case, if polyethylene having density of 
0.920 g/cm 3 is used as a raw material, the density 
of the pre-expanded particles is from about 0.092 
to about 0.031 g/cm 3 . 

A molded article can be formed from the ob- 
tained pre-expanded particles without imparting the 
expandability to the pre-expanded particles or ag- 
ing the, pre-expanded particles under pressure prior 
to molding. For example, immediately after prepar- 
ing the pre-expanded particles, or after aging the 
obtained pre-expanded particles for an appropriate 
period of time and drying, the pre-expanded par- 
ticles are charged in a mold which is able to be 
closed but is unable to be hermetically closed, and 
are heated with a fluid heating medium such as 
steam at a temperature of about 105° to about 
I40°C for about 3 seconds to about 2 minutes. 

The pre-expanded particles according to the 
present invention may be molded by a usual pro- 
cess as mentioned above after imparting the ex- 
pandability to the pre-expanded particles or after 
aging the pre-expanded particles under pressure, 
as occasion demands. 

The pre-expanded particles obtained by the 
process of the present invention can be easily 
molded in a mold because the heating condition for 
molding is wide, and provide molded articles which 
are small in shrinkage and excellent in surface 
appearance, do not show sink or strain of shape, 
and have an excellent fusibility. 



The present invention is more specifically de- 
scribed and explained by means of the following 
Examples, in which all % and parts are by weight 
unless otherwise noted, ft Is to be understood that 
5 the present invention is not fimited to the Exam- 
ples, and various changes and modifications may 
be made in the invention without departing from 
the spirit and scope thereof. 

70 

Examples I to 3 

A non-crossiinked linear low density polyethyl- 
ene (non-crosslinked LLDPE) prepared by 

75 copolymerization of ethylene and l-butene and hav- 
ing a melting point of I20°C, a melt index of 1.1 g/10 
min M a density of 0.920 g/cm 3 , a ratio of weight 
average molecular weight to number average mo- 
lecular weight (Mw/Mn) of 5.1 measured by gel 

20 permeation chromatography, and a weight average 
molecular weight of 8.9 x I0 4 , to which 0.008 % of 
talc was added, was pelletized using an extruder. 

A 1,000 liter pressure vessel equipped wfth a 
stirrer was charged with 100 parts (225 kg) of the 

25 obtained polymer pellets having a weight of 4.5 
mg/pellet, 1.0 part of basic calcium tertiary phos- 
phate powder as a dispersing agent and 0.006 part 
of sodium Cu-Cie n-paraffin sulfonate, and 300 
parts of water, and they were stirred. To the result- 

30 ing aqueous dispersion was added 40 to 45 parts 
of dichlorodiluoromethane with stirring, and the 
temperature of the dispersion was raised to II6°C. 
At that time, the inner pressure of the vessel was 
adjusted to 27 to 29 kg/cmZQ (gauge pressure, 

35 hereinafter the same) to control the expansion ratio. 
As shown in Fig. I, through a line 4 for feeding 
a hot water or steam and a line 5 for feeding a hot 
water, a hot water was sprayed from spray nozzle 
6 into a front part 9 of an expansion chamber 7 and 

40 a back part 10 of the expansion chamber 7 to 
adjusting a temperature of the atmosphere of front 
part 9 of the expansion chamber 7 to a tempera- 
ture shown in Table I. Then, the aqueous disper- 
sion I was released through a single circular orifice 

45 having an inside diameter of 4 mm in an orifice 
plate 3 provided after a releasing valve 2 attached 
at a lower part of the pressure vessel. In Fig. I, II 
shows a temperature recorder. The thus obtained 
pre-expanded particles 8 had an average expan- 
se sion ratio of 21 to 23. 

The pre-expanded particles 8 were dried at 
35°C for 6 hours, and filled in a mold having a 
single cavity of 900 mm x 600 mm x 60 mm in 
size attached to a molding machine. The particles 

55 were heated for I5 to 20 seconds by steam of 0.6 
to 2.0 kg/cm 2 G to fuse together. After cooling, the 
molded article was taken out of the mold, aged at 
80°C for 20 hours and dried. After conditioning the 
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obtained molded article at room temperature for 24 
hours, properties of the molded articles, i.e. an 
average cell diameter of the pre-expanded par- 
ticles, a dimensional stability, a smoothness, a 
shrinkage or camber, a fusibility of the molded 
article and an allowable molding condition are ex- 
amined as follows: The results are shown in Table 
I. 



(Average cell diameter) 

There are randomly picked up 30 pieces of 
pre-expanded particles from the obtained pre-ex- 
panded particles and an average cell diameter is 
measured according to Japanese Industrial Stan- 
dard (JIS) K 6402. 



(Dimensional stability) 

Dimensional stability of the molded article is 
estimated from the dimensional shrinkage calcu- 
lated from the dimensions of the molded article 
and the dimensions of the mold. 

O: The dimensional shrinkage is less than 4 % 

A : The dimensional shrinkage is from 4 to 6 

% , 

x : The dimensional shrinkage is more than 6 
% 



(Smoothness) 

The surface of the molded article is observed 
with the naked eye. 

O: The surface is smooth 
A : The. surface is nearly even 
x : The surface is uneven 



(Shrinkage or camber) 

The surface of the molded article is observed 
with the naked eye whether there is observed - 
schrinkage or camber or not 

Q : there is observed no schrinkage or cam- 
ber. 

A: There is few schrinkage or camber. 
x : Schrinkage or camber is observed remark- 
ably 



(Fusibility) 

Fusibility of the molded article is estimated 
from the fusion percentage of the particles in the 
5 molded article. 

O: More than 60% 
A : From 40 to 60 % 
x : Less than 40 % 

70 

(Allowable molding condition) 

The molding is carried out by using a steam 
having a pressure range of 0.6 to 2.0 kg/cm 2 G. A 
T5 steam pressure range capable of giving a molded 
article having the estimations of O or A in all of the 
dimensional shrinkage, the smoothness, the shrink- 
age or camber and the fusibility is defined as a 
proper steam pressure range in molding. The al- 
20 lowable molding condition is estimated as follows: 
O : The proper steam pressure range is more 
than 0.15 kg/cm 2 ^. 

A : The proper steam pressure range is from 
0.05 to 0.I5 kg/cm 2 G. 
25 x : The proper steam pressure range is loss 

than 0.05 kg/cm^. 



Comparative Example I 

The procedure of Example I was repeated ex- 
cept that a temperature of the atmosphere of the 
pront part 9 in the chamber 7 wais lowered as 
shown in Table I. The results are shown in Table I. 



55 



6 



.0256489A1 J_> 



11 



0 256 489 



XI 
rd 



o 

•H 
4J 

(1) 

iH 
O 

g' 



O 

cn 
<D 

•H 
4J 

V-l 

<u 

O 



0) 



c 
o 

-Q Ct>-h 
(d c -u 

0*0*0 
HH C 
HOO 

< g o 



>1 

4J 



XI 
•H 
0) 
D 

0* M 

C g 
•H (0 
M O 

x: 

u * 

CO 0 



I 

4J 

o 
o 
e 

CO 



It) 

o -P 

-H 

C «H 

g cd 

Q (Q 



<U o 

u w 

J-4 I 'O 0) 

<U 0) 0) 0) rH 

<d <d Cu c 
ME fO 4J 

a) «j <d a u 
> -hi: x in 
< tj-p a> Oi 

c 
o 

<D -H 

ft! c o 
n cd -H 

> X rd 
*C a) u 



0) co 
U O-G 
3 M4J C 
4JM-I O 
fd C *H M 
Ul d>H CD (U 

<u x: c xi , 
a-u-u m go 
g u a <d - 
(Diwnixr 



X o 
W 2 



O'O o 



x 



o o o 



o 



<J o o 



o oo 



0 oo 



o o o 
O CN CN 
(N CN (N 



O 

o 



i— I CN CN 
CN CN CN 



(N 



O O O 
vo 00 



■-1 CN CO 



o 

CN 



g • 
O X 

u w 



BNSOOC1D: <EP_ 



„0256489A1_L> 



13 0 256 489 14 



Example 4 

5 

The pre-expanded particles were prepared in 
the same manner as in Example I except that 
steam fed through the line 4 was sprayed from the 
spray nozzles 6 into the front part 9 of the expan- 
sion chamber 7 to raise a temperature of the at- w 
mosphere of the front part 9 in the chamber 7 to 
I05°C and a hot water of 20°C fed through the line 
5 was sprayed from the spray nozzles 6 into the 
back part 10 of the expansion chamber 7. 

The pre-expanded particles were subjected to is 
molding in the same manner as in Example I. 

The properties of the molded article were as 
satisfactory as in Examples I to 3. The results are 
shown in Table 2. 



Example 5 

The pre-expanded particles were prepared in 
the same manner as in Example I except that 26 
steam fed through the line 4 was sprayed from the 
spray nozzles 6 into the front part 9 of the expan- 
sion chamber 7 to raise a temperature of the at- 
mosphere of the front part 9 in the chamber 7 to 
I05°C and a hot water of 60°C fed through the line so 
5 was sprayed from the spray nozzles 6 into the 
back part 10 of the expansion chamber 7. 

The pre-expanded particles were subjected to 
molding in the same manner as in Example I. 

The properties of the molded article were as 35 
satisfactory as in Examples I to 3. The results are 
shown in Table 2. 



Comparative Example 2 40 

The procedure of Example I was repeated ex- 
cept that steam fed through the line 4 was sprayed 
from the spray nozzles 6 into the front part 9 of the 
chamber 7 to raise a temperature of the atmo- 45 
sphere of the front part 9 to I25°C and a hot water 
of 20°C fed through the line 5 was sprayed from 
the nozzles 6 into the back part 10 of the chamber 
7. The obtained pre-expanded particles could not 
be subjected to molding because only broken or 50 
shrinked pre-expanded particles could be obtained. 
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Examples 6 to 8 

5 

Pre-expanded particles of non-crosslinked 
LLDPE were prepared and molded in the same 
manner as in Example 5 except that a non-crosslin- 
ked LLDPE prepared from a LLDPE having a den- 
sity of 0-93 g/cm 3 and an a-olefin comonomer 10 
shown in Table 3 was used. The results are shown 
in Table 3. 



Comparative Examples 3 to 5 75 

Pre-expanded particles of non-crosslinked 
LLDPE were prepared and molded in the same 
manner as in Comparative Example I except that a 
non-crossiinked LLDPE prepared from a LLSPE 20 
having a density of 0.93 g/cm 3 and an olefin 
comonomers shown in Table 3 was used. The 
results are shown in Table 3. 

25 
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Example 9 and Comparative Example 6 

5 

A 1000 ml pressure vessel equipped with a 
stirrer was charged with 100 parts (225 kg) of 
pellets of a random copolymer of ethylene and 
propylene (commercially available under the trade 
name "Noblen" made by Sumitomo Kagaku kogyo io 
Kabushiki Kaisha, ethylene content 4.5 %, a 
weight: about 1.3 mg/pellet), 1.0 part of basic cal- 
cium tertiary phosphate powder as a dispersing 
agent. 0.006 part of sodium n-parafflnic sulfonate 
and 300 parts of water, and the temperature of the is 
aqueous dispersion was raised to I36°C while 24 to 
26 parts of dichlorodifluoromethane was added 
thereto with stirring. At that time, the inner pressure 
of the vessel was adjusted to 24 to 26 kg/cm 3 G to 
control the expansion ratio. 20 

Then, the pre-expanded particles were pre- 
pared and subjected to the molding in the same 
manner as in Example 5 (Example 9) or Compara- 
tive Example I (Comparative Example 6). The re- 
sults are shown in Table 4. 25 
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According to the process of the present inven- 
tion, there can be obtained the pre-expanded ther- 
moplastic resin particles having the cell diameter of 
more than 200 urn. Therefore, the particles accord- 5 
ing to the present invention can give molded arti- 
cles having excellent properties such as a small 
dimensional shrinkage or excellent appearance 
without imparting an expandability to the pre-ex- 
panded particles prior to molding or without aging w 
the pre-expanded particles under pressure. 

In addition to the ingredients used in the Exam- 
ples, other ingredients can be used in the Exam- 
ples as set forth in the specification to obtain 
substantially the same results. 75 



Claims 

1. A process for preparing pre-expanded par- 20 
tides of a thermoplastic resin excepting for a non- 
crosslinked linear low density polyethylene, which 
comprises heating an aqueous dispersion of ther- 
moplastic resin particles containing a volatile blow- 
ing agent to a high temperature under pressure in 25 
a pressure vessel, and releasing said dispersion 

into an atmosphere maintained at a lower pressure 
than the pressure in the pressure vessel and at a 
temperature of not lower than 40°C. 

2. The process of Claim I, wherein said at- 30 
mosphere is an atmosphere in which a hot water of 

40° to 90° C is sprayed or injected from a plurality 
of nozzles having small holes. 

3. The process of Claim I, wherein said at- 
mosphere is an atmosphere in which steam is 35 
introduced. 

4. The process of Claim I, wherein said disper- 
sion is brought into contact with an atmosphere in 
which steam is introduced and then brought into 
contact with an atmosphere in which a hot water of 40 
40° to 90°C is sprayed or injected from a plurality 

of nozzles having small holes. 
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